Precursors of Creatine,
Creatine is of interest because of the assumed biolog ical relation to its anhydride creatinine, a never failing constituent of mammalian urine, and also be cause creatine forms from 1.2 to 2$ of dry muscle subst ance. The origin, role and fate of creatine in the animal organism has been the study of experimental investig ation, but little direct work has been done as to its immediate precursors.
The search for possible precursors has always led to a consideration of substances -which like creatine, contain the guanidine nucleus as arginine and glycocyamine. led Or it hasAto substances which contained the methyl amino groups as choline, betaine and sarcosine. Van Hoogenhuyze and Verploegh (1) and Jaffe (2) found no increase of creat inine in the urine after the subcutaneous injection of arginine nor after feeding proteins containing the amino acid. Thompson (3) found that the bulk (73 to 96$) of the arginine nitrogen administered appeared as urea in the urine. Inouye (4) has observed that when arginine is added to liver in vitro or perfused throggh theorgan an increase in creatine results. Riesser (5) working on rabbits found that a 10 to 15$ increase occured in muscle creatine after the injection of Bholine and a 6 to 11$ increase after tin: injection of betaine.
The muscles of cats and dogs were selected for the following experiments. In the present investigations the substances were perfused through the muscle tissue or bo brought into contact with the hashed muscle in vitro.
M uscle was used as a possible site of creatine form ation because of its comparatively high creatine content.
Methyl ureido acetic acid and arginine carbonate have been studied as possible precursors of creatine. Arginine is an amino acid which is present in most body proteins.
Methyl ureido acetic acid has not been found in the animal organism but the work of Ackermann (7) has shown that its anhydride methyl hydantoin, is a putrefaction product of creatinine. If this process were reversible, it would involve a reaction of ammonia with the keto oxygen and the formation of creatine from methyl ureido acetic acid, with the elimination of water. The arginine was obtained by means of the method of Kossel and Kutscher (8) from edestin, the globulin derived from hemp seed. The methyl ureido acetic acid was prepared from sarcosine and urea (9) .
The arginine was employed as the carbonate and the methyl ureido acetic acid as the sodium or ammonium salt. 
EXPERIMENTAL
First the effect of blood-muscle mixturea on arginine and methyl ureido acetic acid at 37.5°C. for approximately 24 hours, was studied. The blood and muscle was obtaindd from a dog killed by bleeding ^ust prior to the experiment.
Flask A contained 25 cc of defibrinated blood, 25 gm muscle and 10 cc of toluol and was analyzed immediately.
Flask B contained 25 cc of blood, 25 gm muscle and 10 cc of toluol. It was analyzed after 23 hours.
Flask C contalne 25 cc of blood, 25 gm of muscle, 10 cc of toluol and 1 gm of arginine carbonate.
Flask D Contained 25 cc of blood, 25 gm of muscle, lpdc of toluol and 1 gm of methyl ureido acetic acid neutralized with sodium hydroxide.
Flasks B, C and © were kept in the incubator for 23 hours at a temperature of 37.5° C after which they were analyzed.
The absence of bacterial growth in these flasks was demonstrated by smears and cultures. If these values be expressed in terms of dry muscle substance then oneggam of muscle before injection con The perfusion technique was carried out as follows:
The dog was anaesthetized and prepared for operation. The femoral vessels of one leg and thecarotid artery are exposed.
The animal is exsanguinated, after which the blood is defibrinated and filtered through cheese clothe. A meas ured quantity of the blood is taken and to it the substance, dissolved in a known quantity of C.9% sodium chloride is added.
After bleeding the dog a tourniquet is placed aronnd the limb above thepoint of exposure of the femoral vessels. Experiment Q. The right hind leg of a dog weighing 5 kilos was perfused for 1.5 hours with a mixture of 100 cc of his owndefibrinated blood and 50 cc of 0.9$ sodium chloride solution containing 2 gm of methyl ureido acetic acid neutralized with ammonia. The pressure fluctuated be tween 80 and 100 mm. At the end of the perdusion 95 cc of the perfusate was recovered.
The semimembranosus, gastrocnemius and tibialis anticus muscles were removed from bothe sides and hashed immediately. 50 gram samples were taken for creatine determination and from 1 to 2 gram samp&as for the determination of the water content.
Creatine was also determined in the defibrinated blood and the perfusate.
RESULTS. In 50 grams of perfused muscle containing 74.88/a of water 108 milligrams of creatine were found. ONe gram of dry muscle substance therefore contains 8.59 milligrams of creatine In 50 grams of non-perfused muscle containing 70.98$ of water 124 milligrams of creat ine were found.
One gram of dry muscle substance contains 8.54 milligrams of creatine. Twenty five cubic centimeters defibrinated blood contains 2.43 mgm of creatine and twenty five cc of the perfusate contains 8.59 mgm of creatine.
This increase in the perfusate is due to the methyl hydantoir. formed by the heating the methyl ureido acetic acid, with 5 N §ulphuric acid.
Experiment R
A dog weighing seven kilos was selected and prepared as bove for perfusion of the right hing leg. The perfusionwas started with 150 cc of solution consisting of 125 cc of defibrinated blood and 25 cc of 0.9$ sodium chlor ide containing 2 grams of arginine carbonate, and maintain ed for one hour and fifty minutes after which 81 cc of of the perfus te was recovered. For analysis the hamstring group £he gastrocnemius and tibialis anticus muscles wepc taken. The blood and perfusates were also analyzed as in Q.
RESULTS. Fifty grams of the perfused muscle contain ed 92.99 milligrams of creatine and was 72.57$ water. This gives a creatine content of 6.72 milligrams to 1 gram of the dry muscle. Fifty grams of the non-perfused muscle contained 116 milligrams of creatine and 64.26$ of water. One gram of the dry muscle substance contains 6.49 milli grams of creatine.
Twnty five cc of the defibrinated blood of this animal contained 3.37 milligrams of creat ine while the same amount of the perfusate contained 2.82 milligrams of creatine.
This shows a slight increas in muscle creatine and a diminution of creatine in the perfusate.
Experiment S
The right hind leg of a dog weighing 19 kilos was perfused one hour and fifteen minutes wuth 150 ccof his own blood and 30 cc of 0.9$ sodium chloride which contained two grams of arginine carbonate and 1.56 grams of acid potassium phosphate.
The pressure duing the peffusionwas from 120 to 140 mm. At the end of the perfusion there was 200 cc of fluid recovered. For analysis the muscles of theleg were all remotoed. Determinations were made the same as in Q.
Results^ In fifty grams of perfused muscle contain-ing75.82$ water 131.9 milligrams of creatine were found. One gram of dry muscle substance contained 10.91 milli-y grams of creatine.
Fifty grams of non-perfused muscle containing 75.36$ of water contained 138.3 milligrams of creatine and one gram of the dry substance 11.22 milli grams of creatine. 25 cc of the perfusate contained3.05 milligrams of creatine and there were 3.37 milligrams in the defibrinated blood.
